Introduction
Single-layer intestinal anastomosis was first described by Halsted in 1887 and was routinely used by Wilkie (1934) , but such techniques have not been widely adopted.
Our satisfactory experience over almost 20 years with single-layer anastomosis in the small bowel led, over 10 years ago, to the use of a similar technique in the large bowel. In 1975 we reported results of elective single layer colorectal anastomosis during a 6-year period (Matheson & Irving 1975) . Of a total of 52 anastomoses, 37 were at or above the level of the peritoneal reflection (high) and 15 were below it (low). All anastomoses were examined for subclinical leakage using contrast enemata at about 10 days after operation. One patient showed clinical evidence of leakage after high anastomosis and an additional two instances of subclinical leakage were discovered radiologically, one in each anastomotic group. This low incidence of anastomotic failure (2% clinical; 6% total) stimulated interest in single-layer anastomosis and, in particular, in the possibility that the technique in itself might be safer than other methods.
We now outline our experience with single-layer large bowel anastomosis in the ensuing 5 years, 1975-79. The data differs from that discussed above in that all large bowel anastomoses, including those on the right colon and anastomoses made during emergency operations, are included; and in that routine contrast studies were discontinued after 1974 because, since the safety of single-layer colorectal anastomosis appeared to have been established, a contrast enema was thought an unnecessary imposition on the patient that might defer discharge or even contribute to anastomotic disruption. The present results in Table I therefore refer to clinical leak rates.
Technique of single-layer anastomosis
The anastomotic technique, which has been described in detail by Matheson & Irving (1976) and by Matheson (1977) , depends upon the placement of a single layer of interrupted nonabsorbable sutures, incorporating all layers of the gut except the mucosa. Braided polyamide handles well and is less reactive than silk. A series of threaded needles may be prepared with such material, but we now use 'Control Release' atraumatic sutures mounted with 2/0 or 3/0 Nurolon (Ethicon Ltd). In recent years we have increasingly used a 'closed' method of anastomosis, which completely avoids visible contamination of the operative field. It is applicable to ileocolic anastomosis except where disparity in luminal size is gross, and to left colonic anastomosis when the distal bowel is sufficiently long to permit the application of Wangensteen clamps. For example, in 1979, of a total of 42 single-layer anastomoses, the closed technique was possible in 24, including 8 emergency anastomses. The remaining 18 were 'open' colorectal anastomoses. The detailed technique of closed, single-layer anastomosis is best understood by reference to Matheson (1977) . Despite our liking for closed anastomosis and its aesthetic appeal, it has to be admitted that it involves more inversion of the gut ends than is associated with open anastomosis. In addition, accurate suture placement in depth is more difficult than in open anastomosis and it may at times be difficult to be certain of complete luminal patency at the end of the procedure. Both of these factors are stumbling blocks for the uninitiated who would find the open method simpler and possibly safer if associated with a greater risk of potential contamination.
In the open method of single-layer anastomosis (Matheson 1977) , sutures are placed about 5 mm apart and incorporate about 6-8 mm of the gut in its long axis, avoiding mucosa only. In recent years the point of insertion and emergence of each suture has been at the plane of the cut end of the bowel and the anastomosis is therefore appositional rather than inverting, although compression of the seromuscular layer in tying the sutures results in mucosal inversion. A single-layer anastomosis of this type is simple and rapidly made; a minmium of foreign material is implanted; sparing of all coats of the bowel minimizes ischaemia and the avoidance of a continuous suture allows the anastomosis to stretch.
Results 1975-79 (Table I) Elective operations In 1975 there were 3 instances of clinical leakage in 20 elective anastomoses, and in 1976, 2 instances in 17 elective anastomoses. All 5 episodes of leakage occurred after colorectal anastomosis and, although none of the patients died, their discharge from hospital was considerably delayed. During the subsequent 3-year period, 1977-79, there was no clinical leakage in a total of 79 elective large bowel anastomoses.
Emergency operations
In the same 5-year period, 20 anastomoses made in the course of emergency operations were complicated by 4 definite leaks and 2 possible leaks; it is instructive to consider briefly the clinical details of these failures.
In 1975 one of three emergency anastomoses leaked. A 74-year-old patient developed necrosis of the transverse colon with perforation and gross contamination after revision of a gastroenterostomy. The transverse colon was resected with end-to-end anastomosis which was complicated by leakage and subsequent death. At the present time we would manage this situation either by extended right hemicolectomy with ileocolic anastomosis or, for optimum safety in the presence of gross contamination, by avoidance of anastomosis using a proximal In a 76-year-old patient, who was inadequately nourished and immobile after recently fracturing the neck of a femur, there was spontaneous perforation of the transverse colon in several sites, the cause of which was not accurately established. Emergency transverse colectomy with anastomosis was followed by anastomotic failure and death. Such an anastomosis should certainly have been avoided.
Finally, in a young man who underwent emergency total colectomy for fulminant ulcerative colitis, there was leakage from an ileorectal anastomosis which was converted to ileostomy. We would no longer make an ileorectal anastomosis in an emergency.
In 1978, 4 emergency colonic anastomoses were made and 2 patients developed an intraperitoneal abscess that may have been the result of anastomotic failure, although we have no definite evidence of it and both recovered.
In 1979, 8 emergency anastomoses were made. All were end-to-end ileocolic anastomoses after right hemicolectomy or extended right hemicolectomy, without clinical evidence of leakage.
Discussion
Open single-layer colorectal anastomosis during 1969-74 was associated with a low incidence of anastomotic leakage in elective cases, but was not necessarily wholly responsible for it (Matheson & Irving 1975) . All operations in that series were performed by a single consultant and an obsessional attitude was taken to mechanical colonic preparation. The bowel was prepared for 4 or 5 days, using twice-daily colonic lavage supplemented with magnesium sulphate by mouth. However, in the presence of proximal faecal loading thought sufficient to interfere with efficient cleansing, a preliminary transverse colostomy was made. That this was done in II of the 52 patients is an indication of the importance attached to bowel preparation.
During the first two years after completion of the first study, 5 instances of anastomotic leakage occurred after elective colorectal anastomosis. This could not be attributed to the fact that such operations were no longer exclusively performed by the same consultant, since he had carried out the procedure in each of these cases. The deliberate conduction of a series of operations with the aim of establishing the soundness of a favourite technique may spur technical accuracy towards an individual optimum that may not be maintained thereafter, and we know that an individual's technical flair is variable day to day and year to year. Yet subsequent experience suggests the greater likelihood that our less satisfactory record of anastomotic integrity in 1975 and 1976 was attributable to less obsessional bowel preparation. During these two years, preliminary colostomy was discarded, and although we do not have recorded information to support the contention that the bowel was in general less well prepared, we believe it to have been likely. In the three year period 1977-79, whole gut irrigation (Hewitt et aJ. 1973) , in which 20 litres of irrigation fluid contained 1.6 g metronidazole and 20 g neomycin sulphate, was increasingly used for elective preparation except in patients with ileocolic or right-sided colonic disease, in whom bowel washouts were used together with metronidazole 200 mg 6-hourly during the day before operation. During that period, 79 elective single-layer large bowel anastomoses were made without clinical leakage.
During 1975-78, definite anastomotic failure occurred in 4 of II emergency anastomoses. Although 3 of these episodes were in aged patients, we are satisfied that all were attributable to poor judgment in making an anastomosis in the obtaining circumstances rather than to any limitation of the technique.
The results of single-layer large bowel anastomosis in 1979 reflect the emergence of a creed ofmanagement in large bowel surgery based upon the overriding requirement ofsafety, and the safety that is dependent on anastomotic integrity in particular. Our experience with 61 patients (65 operations) who underwent large bowel surgery in 1979 has already been subject to detailed audit (Matheson & Valerio 1980) . Within this group, 42 patients underwent singlelayer large bowel anastomosis (8 as an emergency) without mortality, without evidence of leakage and without wound infection.
It is evident that the high incidence of anastomotic integrity earlier associated with elective single-layer colorectal anastomosis has been reproducible, at least according to clinical criteria, in recent years. But this is unlikely to be solely attributable to technique, although we think it fundamentally important and consider the single-layer method theoretically and practically superior to any other. Our current practice in large bowel surgery is subject to guidelines which may contribute to safety by avoiding the known anastomotic hazards of poorly prepared bowel and of local bacterial contamination. In elective procedures, preparation, except in ileocolic or right colonic lesions, is now by whole gut irrigation, which is expeditious and very effective. Irrigation, if combined with closed anastomosis, is associated with visibly absent contamination and also permits open colorectal anastomosis without clamps and with minimal potential contamination.
At the start of the operation, a single dose of 500 mg tetracycline is given intravenously and on its completion the operative site is lavaged with warm saline containing I mg/rnl tetracycline. For several years, 'protective' colostomy and anastomotic drains have been avoided, although a fine stab vacuum suction drain may be used for a few days to aspirate blood and serum. Finally, the use of neostigmine to reverse the effects of relaxant drugs is avoided, since this may contribute to anastomotic dehiscence (Bell & Lewis 1968) . Pyridostigmine is used instead.
In emergency large bowel operations, the anastomotic hazards of the unprepared bowel and of bacterial contamination are overcome by avoiding anastomosis in unfavourable circumstances. Primary resection of a colonic source of peritoneal contamination or obstruction is regarded as obligatory, and staged procedures involving loop colostomy are strictly avoided. After emergency right hemicolectomy or extended right hemicolectomy for lesions up to or even beyond the splenic flexure, our recent personal experience suggests that immediate ileocolic anastomosis is usually safe and its safety may be related to the liquidity and bacterial population of the luminal content immediately proximal to the anastomosis. However, combinations of circumstances, including age, nutritional state and gross contamination, may arise that could mitigate sufficiently against anastomotic safety that even ileocolic anastomosis might be better avoided in favour of exteriorization of the bowel ends.
After emergency left colon resection we have regarded the unprepared bowel and peritoneal contamination as definite contraindications to immediate anastomosis, and have therefore resorted to Hartmann's procedure.
Established peritoneal contamination is managed not only by eradication of its source, but additionally by a single intravenous dose of 500 mg tetracycline at the start of the procedure and by copious peritoneal lavage with warm saline containing 1 rng/rnl tetracycline (Stewart & Matheson 1978 a, b.) . Although we are convinced of the value of antibiotic lavage, our personal observations are not such that we can be dogmatic about subsequent antibiotic management. However, the fundamental basis of anastomotic safety in emergency colonic surgery during our recent experience has been the avoidance of anastomosis when the risk of failure is high.
The satisfactory results of single-layer large bowel anastomosis therefore depend upon patient selection and on rigorous attitudes to bowel preparation and to peritoneal contamination as well as upon the technique itself. Even so, such a creed does not invariably guarantee anastomotic integrity: in 1980 we have experienced clinical leakage following elective colorectal anastomosis. Nonetheless, we believe that the adoption of similar attitudes, with meticulous attention to detail and with single-layer anastomosis, would make colonic surgery safer.
